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Abstract
The thesis entitled "Stereoselective Total Synthesis of (+) Artemisinin and Development of Novel Synthetic Methodologies" is divided into two chapters. Chapter 1: 'Stereoselective Total Synthesis of (+) Artemisinin' Malaria continues to be the most widespread health hazard. 1 Over 200 million people worldwide are currently estimated to be suffering from this infectious disease every year. 2 As a consequence, effective therapeutic agents against malaria are continuously being sought, especially against those strains of Plasmodium falciparum, which are resistant to conventional quinine and acridine based drugs. In 1972, the effective constituent sesquiterpene endoperoxide lactone 3 named (+) Artemisinin 4 (Qinghaosu), has been used, for the treatment of malaria in China since ancient times. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO1.jpg" \t "_blank​) 
Artemisinin 1 isolated from Chinese medicinal plant (Qinghao) Artemesia annua L. was found to be a potent Plasmodicidal agent, and extensive clinical trials revealed, its considerable promise for the treatment of drug-resistant malaria. 4,5 The combination of an outstanding biological activity and an intriguing chemical structure having no precedent in the field of antimalarials incited us to develop a synthetic route for the total synthesis of the novel natural product.This chapter is further divided into two sections. Section A: Introduction and previous synthetic approaches to (+) Artemisinin This section deals with the biological significance, pharmacology, clinical applications and gives brief account of the work carried out by the various research groups reported towards the total synthesis of (+) Artemisinin. Section B: Stereoselective Total synthesis of (+) Artemisinin Our synthetic strategy is based on the stable starting material (+) isolimonene 5 with two asymmetric carbon atoms having the same absolute configuration as in the target molecule and permits the characterization of the intermediates with simple techniques such as NMR, IR and Mass etc. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO2.jpg" \t "_blank​) 
Iodolactone 4, a key intermediate in the synthesis with five asymmetric centers was elaborated from (+) Isolimonene 5 by successive regioselective hydroboration, Jones oxidation followed by the iodolactonization (Scheme 2). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO3.jpg" \t "_blank​) 
Since the alkylation failed on iodolactone using Bu 3 SnH, we envisioned that the alkylation could be achieved by preparing selenolactone 9 using phenyl selenyl bromide from corresponding acid 7 (Scheme 4). Similar results were observed when the reaction was attempted on the selenolactone 9. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO4.jpg" \t "_blank​) Because of above poor results for iodolactone 4 and selenolactone 9, we then attempted the reactions on substrates 4 and 9 with allyl tributyltin as the alkylating agent. The reactions proceeded smoothly to afford the allylated compound 10 in good yield as a 1:1 mixture of diastereomers at C 7. But further reactions, hydroboration and oxidation gave unsatisfactory yields (Scheme 5). In another approach, the iodolactone 4 was transformed to the epoxide 14. Attempted reductive ring opening with low valent titanium in the presence of methyl vinyl ketone to access hydroxy ketone met with success but yield is very less (Scheme 6). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO5.jpg" \t "_blank​) After several attempts of alkylation reaction on iodolactone 4 and selenolactone 9 with methylvinyl ketone, methyl methacrylate and acrylonitrile using Bu 3 SnH, Ph 3 SnH, Cp 2 TiCl etc. we envisioned alkylation reaction of iodolactone 4 with methylvinylketone using Chitagoluogu reagent (CH 3 Si) 3 SiH, AIBN in refluxing toluene (Scheme 7). This reaction proceeded smoothly to afford product 8 as C 7 epimeric mixture (8:2 b/a) in good yield by slow addition of tris(trimethylsilyl)silane using syringe pump. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO6.jpg" \t "_blank​) Proceeding further towards the synthesis of Artemisinin 1, the ketogroup of lactone 8 was treated with ethane dithiol in DCM at 0?? o C to afford thioketal lactone 16 as major isomer. The lactone ring hydrolysed with aq. NaOH in refluxing methanol to afford sodium salt, which was acidified to congo red pH to afford the hydroxy acid. Esterification reaction using diazomethane afforded methyl ester 17 (Scheme 8). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO7.jpg" \t "_blank​) The hydroxy methylester 17 was transformed to the required intermediate 18 using PCC as oxidizing agent in DCM at 0 o C. The second key intermediate methyl vinyl ether 19 was achieved by Wittig reaction using methoxymethyltriphenylphosphonium chloride and KHMDS in THF, HMPA. Cleavage of thioketal afforded the important key intermediate methylvinyl ether 3, which has been transformed to the target molecule by Zohu et. al. 6 (Scheme 9). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO8.jpg" \t "_blank​) In conclusion, a stereoselective total synthesis of natural product (+) Artemisinin has been achieved. This involved the shortest possible route for the highly potent antimalarial drug. Further, the work is useful for the large-scale synthesis of antimalarial natural product (+) Artemisinin 1 (Qinghaosu). 
Chapter 2 Development of Novel Synthetic Methodologies This chapter pertains to the utility of cerium(III) chloride for functional group transformations. This chapter is divided into three sections. Section A: This section describes the various synthetic transformations and functional group transformations using cerium(III) chloride. Section B: This section describes the selective cleavage of b-methoxyethoxymethyl (MEM) ethers using cerium(III) chloride. Protecting groups impinge on virtually every aspect of organic synthesis. b-Methoxyethoxymethyl group has emerged as an important protecting group for alcohols. 8,9 We have developed a novel synthetic methodology for the cleavage of MEM ethers. 10 CeCl 3 . 7H 2 O was found to be a highly efficient and exceedingly mild Lewis acid catalyst with greater coordinating property with the oxygen atoms present in the MEM group that co-ordinates to the oxygen atom of the MEM group. The method is very rapid and compatible with other hydroxyl protecting groups such as Bn, TBDPS, Ac, Me, Tr, PMB, benzylidene, THP, MOM, BOM and NHAc present in the substrate. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO9.jpg" \t "_blank​) Section C: Regioselective Ring Opening of Epoxides and Aziridines This section describes the reactions involving regioselective ring opening reactions of epoxides and aziridines using CeCl 3 .7H 2 O. This chapter is further divided into three parts. Part I: This section describes the biological significance of epoxides and aziridines and their ring opened products. Part II: This section describes the synthesis of b-halohydrins and b-haloamines. Epoxides 11 and aziridines 12 are among the most versatile intermediates in organic synthesis. They can be easily prepared from a variety of other functional groups. The strain of the ring makes them prone to react with a large number of electrophiles, nucleophiles, acids, bases reducing and oxidizing reagents. Among the numerous transformations, the ring opening of epoxides and aziridines to the corresponding vicinal halohydrins and vicinal diamines is important since they are key intermediates in the synthesis of halogenated marine natural products 13 and also b-blockers. 14 We have developed a novel synthetic methodology for the highly regioselective ring opening of epoxides and aziridines using cerium(III) chloride. 15 It was found that the treatment of epoxides and aziridines with cerium(III) chloride in refluxing acetonitirle afforded b-chlorohydrins, b-chloroamines and with cerium(III) chloride and sodium iodide b-iodohydrins, b-iodoamines in high yields as shown in scheme 11 and 12. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO10.jpg" \t "_blank​) Part III: This section describes the synthesis of 1,2-azidoalcohols and 1,2-azidoamines. Among the ring opened products of epoxides, 1,2-azidoalcohols are versatile intermediates in organic synthesis since they are very important precursors of b-amino alcohols, which are present in numerous natural products. 15 Further, their importance is significant in the chemistry of carbohydrates and nucleosides. 16 Similarly the ring opened products of aziridines, 1,2-azidoamines are compounds of synthetic interest because the reduced products, vicinal diamines which are biologically important compounds 17 and have varied applications in organic synthesis. 18 tab Therefore, there is significant current interest in the ring opening reactions of epoxides and aziridines using azide as nucleophile. We developed a novel synthetic method for the synthesis of 1,2-azidoalcohols and 1,2-azidoamines from epoxides and aziridines using cerium(III) chloride and sodium azide. 19 Thus, regioselective azidolysis of epoxides and aziridines using CeCl 3 . 7H 2 O and NaN 3 in a mixture of acetonitrile and water (9:1) afforded the corresponding 1,2-azidoalcohols in high yields. (Scheme 13, 14) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a82_figureNO11.jpg" \t "_blank​) 


